Blue light-induced absorbance changes were measured from differentially centrifuged membrane fractions from dark-grown coleoptiles of Zea mays L., and mycelia from an albino mutant of Neurospora crassa Actinic irradiation caused changes in absorbance consistent with a flavinmediated reduction of a b-type cytochrome. Both corn and Neurospora showed similar light-minus-dark difference spectra, dose response curves, and kinetics of dark recovery after irradiation. The photoreducible cytochrome system from Neurospora showed the same distribution as the activity of a sodium-stimulated adenosine triphosphatase, thought to be a plasma membrane marker, in differential centrifugation experiments. The fraction showing the absorbance change did not co-sediment with the mitochondria, nor with the endoplasmic reticulum. Comparison of absorption spectra of fully oxidized, partially reduced, and fully reduced preparations showed that approximately a 30% reduction of the cytochromes involved with the process was needed to obtain the lightinduced absorbance changes.
There is currently a substantial body of literature concerning the effects of blue light on biological processes in higher plants and fungi. Only recently has any real progress been made toward the identification of the blue light photoreceptor associated with these effects (see ref. 6). Poff and Butler (16) studied blue lightinduced A changes indicative of a Cyt reduction in Phycomyces and Dictyostelium, and Munioz and Butler (15) have recently extended these findings to intact mycelia of Neurospora. Both of these reports implicate a flavin-mediated reduction of a b-type Cyt in the blue light photoreception process, with a flavoprotein moiety as the actual photoreceptor. The implication comes from similarity of the action spectrum for the cytochrome reduction with that for many other well characterized blue light responses (15) .
Briggs (5) reported briefly on light-induced A changes in Zea membrane fractions separated by differential centrifugation. However, he reported only on recovery oxidation following actinic irradiation. More recently, Schmidt and Butler (21) have reported on such changes in a pelletable fraction in Neurospora that partially resemble the responses found by Mufnoz and Butler (15) in intact Neurospora mycelia. The only attempt at fraction- ' This work has been supported by National ation in that report was the separation of soluble from pelletable components. Mufioz and Butler (15) did report light-inducible Cyt reduction in soluble extracts of Neurospora, but they studied supernatant rather than pelletable activity, observed reduction both of Cyt b and c, and had to add FMN or FAD in order to observe the reaction. It seems likely that they were studying the same phenomenon as Schmidt and Butler (20) who found photoreduction of Cyt c in the presence of added flavins in a model system. Widell and Bjorn (24) have reported light-induced A changes in another higher plant system, intact wheat coleoptiles, but the responses measured were not the same as those monitored by Briggs (5) or Munioz and Butler (15) .
The purposes of the study reported here were: (a) to isolate and characterize partially purified membrane fractions of Neurospora with a photoreduction system similar to that found in intact mycelia by Munoz and Butler; (b) to study further the blue light-induced A changes found in corn membrane fractions and compare them to similar changes found in Neurospora; and (c) to determine qualitatively the redox state necessary for observation of these changes. A preliminary account of these studies has appeared elsewhere (3, 7) . To prepare the mycelia, approximately 70-ml liquid suspensions were made of the 7-day-old agar cultures, and added to a 2,000-ml Erlenmeyer flask, filled with 1,000 ml of liquid medium (the same as solid medium except dextrose instead of sucrose, and no agar). The cultures were grown aerobically in the dark at 30 C for 24 Harvesting and all following operations were done under green safelights and from 0 to 4 C. The coleoptiles were chopped by razor blades for 5 min, and the resulting brei ground in a mortar and pestle for an additional 5 min. The suspension was then filtered through fine nylon cloth, and the filtrate centrifuged at 500, 9,000, and 21,000g, all for 15 min. The pellet from the 21,000g spin (21KP) was resuspended in 0.17 ml resuspension buffer (same as before)/gram fresh weight of coleoptiles, and was the only Zea fraction used in the experiments reported here. Finally, the resuspended pellet was ground exhaustively in a glass-glass tissue homogenizer with resuspension buffer.
MATERIALS AND METHODS
Spectrophotometric Measurements. Light-induced A changes were measured on a Perkin-Elmer model 356 dual wavelength spectrophotometer in the dual beam mode. Except for difference spectrum measurements, the beams were set at 410 and 423 nm, respectively. Thus, the readout was A at 423 nm minus that at 410 nm, in most cases. For A change measurements with wavelengths fixed, the half-bandwidth for Neurospora was 5 nm, and for corn, 3 nm. Absorption spectra were measured on the same instrument in the split beam scanning mode, with a half bandwidth of 5 nm. White tissue paper provided a light-scattering reference.
Actinic irradiation of the samples was from a tungsten-iodide source, filtered through a Corning 7-96 broad band blue filter, at an effective intensity of 1.9 x 104 ergs x cm2 x sec-1 (corrected for IR by measuring energy with and without an IR-transmitting, visible absorbing filter, Corning 7-56.
Assays. Proteins were measured by the technique of Lowry et al. (13) . Cyt c oxidase activity, used as a mitochondrial marker enzyme, was measured by the method of Applemans et al. (1) . NADH-dependent Cyt c reductase activity, used as an ER marker, was determined by the assay of Lord et al. (12) . The sodium-stimulated ATPase activity was measured by the method of Hedman (8) Figs. 1 and 2) , and preliminary experiments showed a difference minimum near 410. Since our readout was the difference between two wavelengths, the wavelengths were deliberately set to maximize the light-induced difference to gain the highest resolution for determining the position of the 423 band. After every four measurements, a standard 410 nm versus 423 nm measurement was made to determine if the blue light effect was changing with time. When a significant change was found, the results were not used and the sample discarded.
The 21KP preparation of corn was not nearly as stable as the 2OKP of the fungus. Hence, it was not possible to obtain extensive data from any one preparation. Partial light-minus-dark difference spectra were obtained on three separate occasions, and one is shown in Figure 4 . Figure 5 shows a more complete spectrum obtained from a 2OKP of Neurospora. In both Figures  4 Figure 4 shows no minimum, this is only because 410 was a reference wavelength, as mentioned above. Separate measurements against stable reference wavelengths revealed a consistent minimum near 410 nm, and a stronger minimum at 450 nm. The Neurospora sample also shows a small increase in A near 556 nm, indicative of a Cyt a-band. This is not present in Figure 4 for corn because instability of the Zea preparation and the small size of the spectral change made measurements at these longer wavelengths unfeasible. Both of these spectra are similar to those shown by Munioz and Butler (15) Figure 6 shows room temperature absorption spectra for the three redox conditions mentioned above. Figure 6A shows the 20KP for Neurospora nearly fully oxidized. After the spontaneous reduction, the absorption spectrum appeared as in Figure  6B . This spectrum shows the emergence of an a-band near 556 nm, and a shift in the Soret maximum from 411 nm to about 418 nm. Figure 6C shows the pellet in its fully reduced form, after the addition of dithionite. Further absorption between 500 and 560 nm has appeared, along with a further Soret activity could be obtained without the addition of exogenous flavin. In the present study, no added flavin was required (although preliminary experiments showed that with repeated washing, bound flavin could be removed from the pellets and light-inducible Cyt reduction was concomitantly lost). There is presumably sufficient bound flavin in the particulate fraction to suffice without further addition. That the flavin is the photoreceptor in the present work is strongly suggested by the observation (Brain, unpublished) that phenylacetic acid, known to form a fairly stable covalent adduct with the triplet state of flavins (11) , completely blocks the Cyt photoreduction in the resuspended 2OKP from Neurospora.
One of the striking features of the Neurospora system is its ability to become poised and maintain itself at an intermediate redox state, in some cases for as long as 8 hr. The redox behavior of the preparation provides another similarity between our studies and those of Munioz and Butler (15 Figure 6 shows this process well. In Figure 6A , no a-band is discernible, while in Figure 6B , where signals are obtainable, the emergence of an a-band can be seen. This correlation was found to be invariant. In five separate studies with Neurospora, absorption spectra were taken before and after attainment of a condition yielding light-induced Cyt reduction, and in all five cases signal appearance was concomitant with partial a-band emergence. Figure 6C shows a fully reduced preparation, and the absorption spectrum is different. The a-and Soret bands from Figure 6B are shifted to longer wavelengths. This 
